SUMMARY: Biomass size spectra describe the structure of aquatic communities ataxonomically. The slope (b) of the normalized biomass size spectrum (NBSS) is often used as an indicator of the impact of perturbations, such as pollution or overfishing. The NBSS intercept (a), has generally been ignored on the basis of a correlation between the NBSS slope and intercept, although this correlation has not been shown to be universal. We assessed whether the NBSS parameters are correlated using: (i) theoretical analysis, (ii) virtual communities randomly generated based only on statistical considerations, and (iii) virtual food webs changing over time following a dynamic bioenergetic model. We also analyzed whether the parameters of the Pareto distribution are correlated or not, using approaches (i) and (ii). We found that when communities change over time there is no single relationship between the two NBSS parameters, due to a dependence on the variation in total community abundance (N). We conclude that to characterize any aquatic system at least two parameters are necessary from the NBSS triad N, a, b. In the case of the Pareto distribution, both N Pareto and b Pareto are necessary.
INTRODUCTION
The size spectrum is a two-dimensional graphical representation of ecological pyramids (Cousins 1985) designed to show the biomass distribution across different size classes in a community. The size spectrum has been recommended as an alternative way to describe the structure of aquatic ecosystems (e.g. Rodriguez and Mullin 1986 , Dickie et al. 1987 , Gaedke 1993 , Rochet and Benoit 2011 . This approach can be used to analyse global properties of the ecosystem without having to study the diversity of organisms within it (Blanco et al. 1994) . Size spectrum research has demonstrated that, in the absence of major disturbances, community size distributions show clear regularities (Sheldon et al. 1972 , Platt 1985 , Quiñones 1994 , Capitan and Delius 2010 , Blanchard et al. 2011 .
Typically, size spectrum coefficients are extracted by performing a least-squares linear regression on the log-transformed values of abundance (y axis: biomass normalized to the width of each size class) and body size (x axis: individual weight) (White et al. 2007 , Clauset et al. 2009 ). Classes with zero observations are excluded, because log(0) is undefined (White et al. 2007 ). This technique is called the normalized biomass size spectrum (hereafter NBSS; Platt and Denman 1977 , Blanco et al. 1994 .
The coefficients of the NBSS, slope (b) and intercept (a), have been proposed as quantitative indices of aquatic ecosystem structure (Sprules and Munawar 1986) . Many authors suggest the use of NBSS slope as an indicator of the level of impact on a given ecosystem due to pollution (de Bruyn et al. 2002) , habitat modification (Robson et al. 2005) or exploitation, especially when an ecosystem approach to fisheries (e.g. Shin et al. 2005 , Jennings and Dulvy 2005 , Garcia et al. 2012 , see also Table 1 ) is adopted. The intercept, by contrast, has been proposed as an indicator of total biomass in the ecosystem (Sprules and Munawar 1986) and an indicator of primary producers biomass (Zhou 2006) , or it has simply been ignored due to an observed correlation between the NBSS slope and intercept (Rice and Gislason 1996) . However, it has not been proven that the correlation between these parameters is recurrent. Daan et al. (2005) proposed the use of the midpoint height rather than the intercept of the NBSS to characterize spectra. The use of the midpoint height is supposed to remove the influence of empirical correlations observed between b and a Gislason 1996, Daan et al. 2005) .
Several other approaches, however, have been developed for describing aquatic size spectra. Vidondo et al. (1997) , suggested that the description of planktonic (or organismal in general) size distributions should be viewed in terms of distribution statistics, arguing in favour of using the Pareto distribution, which was originally used to describe the allocation of wealth among individuals (Pareto 1897) but is also widely used in many other disciplines to describe size distributions (e.g. energy release of seisms and gaps between them, masses in the solar system, population of cities within a country, see Vidondo et al. 1997 for more examples). Vidondo et al. (1997) indicated that the Pareto parameter b (b Pareto ) is an unbiased estimator of the NBSS slope (b). In addition, it avoids the need to group data by log size classes and the problem of empty size classes that may occur with NBSS. Sprules and Goyke (1994) showed that offset parabolas of uniform curvature provided an appropriate description of NBSS in Lakes Ontario and Michigan. An additive model was Benthic-pelagic coupling in lakes Echevarría et al. (1990) Continuity in the size spectrum b
Benthic-pelagic coupling in continental shelf waters Schwinghamer (1985) , Warwick et al. (1986) a Biomass of primary producers or of the smallest size Zhou (2006) group considered in the spectrum a To compare community biomass (only if they present Sprules and Munawar (1986) equal size spectra b ) b System overall productivity Sprules and Munawar (1986) b Fishing exploitation Pope et al. (1987) , Murawski and Idoine (1992) , Gobert (1994) , Rice and Gislason (1996) , Gislason and Rice (1998) , Bianchi et al. (2000) Borgmann (1987) , Boudreau and Dickie (1992) , Boudreau et al. (1991) , Dickie (1992, 1993) , Sprules and Goyke (1994) Flow of persistent contaminants up the food web Borgmann and Whittle (1983) , Borgmann (1985) , Thomann (1979 Thomann ( , 1981 used rather than a simple linear model by De Eyto and Irvine (2007) to assess the status of shallow lakes. Most of these new approaches and recommendations have not had a major impact on how empirical studies have described the size structure in marine and freshwater communities. Nevertheless, the Pareto distribution has been used to describe plankton communities (Quintana et al. 2002 , Brucet et al. 2006 , Finlay et al. 2007 and to assess the impact of trawling on benthic/demersal communities (Gómez-Canchong et al. 2011) . A parabolic fit was also used by Finlay et al. (2007) when analyzing the factors driving the zooplankton size spectrum in lake communities.
In order to use size spectrum parameters as ecosystem indicators and/or components of more complex indicators, it is necessary to assess their properties and in particular, to determine whether they are independent of each other or have some level of correlation.
In this article we determine, in aquatic ecosystems, whether the slope and intercept of the NBSS are correlated using the following approaches: (i) theoretical analysis, (ii) virtual communities generated randomly on the basis of only statistical considerations, (iii) virtual food webs changing over time following a dynamic bioenergetic model. We explore the relationship between these two coefficients in previously published empirical size spectra. In addition, we analyze whether the Pareto distribution parameters are correlated or not, using approaches (i) and (ii). Sheldon et al. (1972) postulated the linear biomass hypothesis, which states that the biomass in a pelagic community is uniformly distributed across the different geometrically arranged size classes. The mathematical formalism was developed by Platt and Denman (1977, 1978) and Silvert and Platt (1978) by means of b, a biomass density function based on the size of organisms. The biomass contained in a size class, defined by organisms with sizes w l and w u , may be calculated as:
MATERIAL AND METHODS

Theoretical background
Sheldon's Linear Biomass Hypothesis states then:
where k is a geometric constant which represents the amplitude of each size class, and c is a constant that depends on k and the total amount of biomass in the ecosystem. b is an allometric function, aw b , and only meets the previous condition (B=c) if b=-1. The nondimensional slope b is an indicator of the proportion of biomasses between consecutive size classes, which is constant in this case (Blanco et al. 1994) , i.e. 
where a is a coefficient expressed in the same units as numerical abundance, which indicates the amount of biomass averaged over a size range whose limits are in the geometric proportion k. Historically, coefficient a has been related to the total biomass of the ecosystem (Sprules and Munawar 1986 ), but we will show below that the interpretation of this parameter is more complex than the interpretation of Sprules and Munawar. In case of b≠-1 a more complex expression arises:
In this case, biomass on a geometric scale is not insensitive to body size and diminishes when w increases if b<-1, or increases with w if b>-1, and therefore the total biomass in the ecosystem is inversely related to the absolute value of b.
In relation to global properties, assuming w 0 as the minimum size of organisms and infinite as the maximum organism size, according to Equation (1) the total biomass B of the ecosystem will be infinite if b≥-1, whereas if b<-1 the total biomass is
which becomes simpler if we let w 0 be conventionally 1 (equivalent to using sizes relative to the smallest):
Therefore, in those ecosystems where b<-1, the total biomass is directly related to a and inversely related to the absolute value of b, from which we can deduce that the total biomass in the ecosystem would remain constant if and only if a change in one of the coefficients is compensated by an opposite change in the other.
Given a size-structured system, we may also define the abundance density function f, where the number of individuals (N) included between sizes w l and w u is (Blanco et al. 1994) :
This abundance density function f is related to the biomass density function b by the equation (Platt and Denman 1978) 
where f is also an allometric function, f(w)=aw b-1 , and accepting the premise that there is a non-zero minimum size in our system (w 0 >0), then since total biomass is always constrained when b<-1, the total number of individuals is always constrained regardless of b:
This also becomes simpler using relative sizes (w 0 =1):
As before, in those ecosystems with b<0, the total abundance is directly related to a and inversely related to the absolute value of b, and consequently the same compensation effect could occur between the two parameters, maintaining N constant in the ecosystem, albeit with a different distribution of organism sizes.
The experimental approach to b traditionally classifies the abundance of organisms in octave size classes (Platt and Denman 1978, Blanco et al. 1994) , i.e. by means of the function N(w, 2w) in the notation of Equation (7). However, from the same equation a cumulative approach can be deduced if we consider the function
which gives the number of individuals of size smaller than w i . The complementary form N(w<w i ) to N, which is the number of individuals of size larger than w i , arranging Equations (9) and (11), is the Pareto function (Vidondo et al. 1997) :
This can be simplified using w 0 =1 and Equation (10) to
The cumulative Pareto function is not strictly a "size spectrum", but has the same slope as b and is more robust in its statistical properties; it deals directly with the individual sizes without grouping them into classes and can be extended to non-linear distributions (see Vidondo et al. 1997 for details) . It is important to note that the abundance size spectrum and the Pareto distribution cannot be constructed when the sampling and/or analytical method used is only able to quantify aggregated biomass (e.g. gravimetric analysis, ATP content).
Statistical model
To check the statistical implications of the findings from the previous section, we simulated the sampling of individuals in a size-structured system using a Monte Carlo method (see Blanco et al. 1994 for an extended description). Following Equation (9), the size w of a randomly sampled individual can be deduced from:
where g is a uniformly distributed random variable (0, 1), so
If we assume w 0 =1, taking equation (10) and using 1-g as equivalent to g (both being equally distributed), finally
To avoid bias in the estimation of b, a very large number of individuals (10 6 in most cases, 10 5 in others, see below) were sampled and classified by size on an octave scale (i.e. base-2 logarithm). Furthermore, the elimination of empty size classes and those with few individuals located to the right of the first empty class also remove the tendency to overestimate b (the "unexpected case effect", Blanco et al. 1994) . The systematic error in the estimation of a caused by the selection of a nominal size for each class, was corrected by using the lower limit as the nominal size and multiplying the coefficient a by the correction factor 1/ln2 in case of b=-1, or (b+1)/(2 b+1 -1) in the case of b≠-1 (see Blanco et al. 1994 for details on the effect of nominal size, optimum nominal size and correction factors). In some cases, a cumulative Pareto distribution (Vidondo et al. 1997) was built with the same data to avoid the classification into groups (with only 10 5 individuals due to computation time) and to serve as a comparison to the typical spectrum approach.
To check possible influences of b, three types of simulation were performed: (A) keeping a constant b=-1, (B) picking b from a normal distribution with mean b=-1 and σ=0.25, and (C) picking b from a uniform distribution (between -1.5, -0.5) (Fig. 1) . The central value of -1 was chosen because of the natural tendency of pelagic ecosystems around this slope (e.g. Kerr and Dickie 2001) . In order to evaluate the importance of sample size, a B-type experiment was conducted with 4·10 5 samples of different size in the range 100 to 10 6 individuals.
Dynamic bioenergetic model
The food web models were built considering virtual allometrically derived species (hereafter VADS; Gómez-Canchong et al. 2013) . It is important to note that in this formulation, a VADS corresponds to an aggregation of individuals of the same body size, independent of their taxonomy. The population dynamics within these food webs follows a model based on bioenergetic and allometric reasoning, which involves parameterizing a model using power functions of individual body mass (Yodzis and Innes 1992) . The model was updated by Brose et al. (2005 Brose et al. ( , 2006 with new allometric coefficients (Brown et al. 2004 ) and extended to multi-species systems (Williams and Martinez 2004) . Changes in the relative biomass densities of primary producer VADS (Eq. 17) and consumer VADS (Eq. 18) are described as follows:
In these equations, B i is the biomass of population i, r i is the mass-specific maximum growth rate of i, M i is the body mass of individuals within population i, G i is i's logistic net growth rate of producers, where G i = 1 -(Bi/K) and K is i's carrying capacity, x i is i's massspecific metabolic rate, y i is i's maximum consumption rate relative to its metabolic rate, and e ij is i's assimilation efficiency when consuming population j.
The functional response, F ij , quantifies the per capita consumption rates of predators (i) depending on prey density (j): 
where v ij is the weight factor representing the proportion (0-1) of i's attack rate targeted to prey j, B 0 is the half-saturation density, h is the Hill coefficient (Real 1977) and c quantifies predator interference. The Hill coefficient is a scaling exponent that relates to the handling time needed to kill, ingest and digest a resource individual (Real 1977) . The predator interference term in the denominator quantifies the degree to which individuals within population i interfere with one another's consumption activities, which reduces i's per capita consumption if c>0 (Beddington 1975 , DeAngelis et al. 1975 , Skalski and Gilliam 2001 . We calculated the average body masses of populations depending on their trophic level according to
where d is the exponent of the relationship between the trophic level and the body mass (TL-M slope) of each VADS, and rsd is a stochastic variable that is randomly sampled from a normal distribution (mean=1, sd=2). This calculation implies that predators are most often larger than their prey, which is consistent with the structure of pelagic systems, where body size is considered to be the main constraint on the predator's ability to catch its prey (Lundvall et al. 1999 , Cury et al. 2003 , unlike terrestrial systems where predators of higher trophic levels are able to feed on prey of greater body size but lower trophic level. For greater detail on the model, see Brose et al. (2005 Brose et al. ( , 2006 , Berlow et al. (2009) and Gómez-Canchong et al. (2013) . In order to ensure that the use of mean body size of the VADS adequately represents the individual size distribution of the community, a sufficiently large number of VADS is required. If we increase the number of populations to infinite, the formulations must converge (Gómez-Canchong et al. 2013) . In order to determine an appropriate number of VADS to be used, we ran 1680 simulations over 800 time steps, 20 for each number of VADS from 7 to 90 (Fig. 2) . We observed that increasing the number of VADS over 40 had no effect on the simulation outputs (NBSS coefficients). Taking this into consideration, we decided to use networks with 70 VADS. We ran 10 4 simulations over 800 time steps. A time step represents the turnover rate of a phytoplankton cell, which corresponds approximately to one day. For each run we generated a niche model food web, in which species are constrained to consume all prey species within one range of sizes whose randomly chosen centre is less than the consumer's size (Williams and Martinez 2000) , assigning random initial biomass densities to populations while systematically varying the following food web variables: connectance (from 0.075 to 0.250), functional response type (Hill coefficients from a uniform distribution between 1 and 2), the strength of predator interference (c i from a uniform distribution between 1 and 2), the metabolic types of VADS (invertebrates or ectothermal vertebrates), and the carrying capacity (logistic growth) of the producer VADS (k from 0.5 to 3.5). The spectra generated using virtual food webs were not constrained to b=-1 in the initial biomass assignation.
To compare among the different food webs, the first quarter of the time steps of each simulation run was not used in the construction of the NBSS in order to avoid the effects of transient dynamics. Choosing biomass densities over this time period allowed initial transient dynamics to settle down and capture the inherent variability among runs, thus increasing consistency with empirical studies (Brose et al. 2006) . Prior work by Berlow et al. (2009) demonstrated that this length of the time series is sufficient to obtain stable mean biomass densities from populations that are independent of initial biomass densities. By contrast, all the time steps of each simulation run were taken into account when analyzing the relationship between the coefficients in each food web over time.
We also analyzed the behaviour of NBSS coefficients in some selected time series by calculating the NBSS for each time step. At each time step, we calcu- 
Spectrum coefficients from published size spectra
We reviewed references in which aquatic size spectra data were available, especially those including spatial and temporal variability. We calculated the correlation between the spectrum coefficients in each study. Studies in which only commercial species were sampled and not the whole fish assemblage were not taken into account. The spectra analyzed corresponded to NBSS or number size spectra (NSS), in which the number of individuals per size class is plotted instead of biomass. Both size spectra are equivalent if the former is arranged on an octave scale and the latter on an arithmetic scale (Platt and Denman 1978) . When a or b were not directly reported, we obtained them graphically from figures using Zoo/PhytoImage freeware.
RESULTS
The statistical models always exhibited strong correlations between the two NBSS coefficients for any theoretical b distribution (Fig. 3A, B, C) . In experiments A and B, respectively, with fixed and normal theoretical values of b, the frequency of coefficients of sampled spectra followed normal distributions around the theoretical mean value (-1.00 for b, 6.00 for log a). In experiment C, the frequency of coefficients showed the same mean values, but now with a non-Gaussian distribution of cases. By comparison, the equivalent Pareto cumulative approach to experiment C showed no relationship between N Pareto and b Pareto , with an accurate prediction of both parameters (the behaviour of N Pareto being Gaussian, in spite of the uniform distribution of b Pareto ), even with fewer simulations and fewer sampled organisms. The regression between log a and b was around -2.0 in the fixed b experiment and showed slopes around -0.6 in experiments with a wider b range (B, C), which also showed a non-linear tendency as b approached zero. The influence of sample volume on the a/b ratio is shown in Figure 4 as an almost perfect coincidence between the two variables.
The virtual food web modelling also showed that the NBSS parameters were inversely correlated when different food webs were compared (Fig. 5) . This relationship presented two states according to the value of the slope b:
(i) Communities with b<-1: in these cases the relationship between the NBSS parameters b and a showed a strong correlation (Fig. 5; p<0.0001) .
(ii) Communities with b>-1: these represent flatter biomass pyramids, which according to Makarieva et al (2004) are more unstable than steeper biomass pyramids. They also displayed a strong correlation between b and a parameters ( Fig. 5 ; r =-0.9082; p<0.0001).
We found a similarly strong inverse relationship between the NBSS parameters b and a when tracking the relationship throughout the time series of individual food webs (see Fig. 6A, B for examples) . Surprisingly, we also found some communities whose NBSS lacked a relationship between the b and a coefficients (see Fig. 6C for an example). Interestingly, all of the latter cases were food webs with either a type II functional response or with b>-1. However, not all food webs with type II functional responses or with b>-1 lacked a relationship between the NBSS parameters.
Empirical results reported in the literature (Tables 2 and 3) show that in most cases (both com- paring between sites and over time) there was a negative correlation between the NBSS parameters b and a (e.g. Macpherson et al. 2002, Binduo and Xianshi 2005) , although there were also cases in which this correlation was positive (e.g. Rodriguez and Mullin 1986, Sprules and Munawar 1986) or in which b and a of the size spectra were not correlated (e.g. Quiroga et al. 2005 , Dimech et al. 2008 . We observed this lack of correlation almost exclusively when comparing size spectra from different places (Table 2) , in other words, when comparing between different communities.
DISCUSSION
The functional dependence of N=-a/b should appear in the background of any sampling system (either real or simulated) if the size structure is linear with b<0, as occurs in most pelagic ecosystems. In ideal systems, the sample volume will mainly affect the intercept a, with b being a more robust parameter independent of individual abundance and more related to the structure of the size distribution. It is expected that a system viewed through different windows of different sample volumes would exhibit the following relationship:
where N 1 and N 2 are the abundance of organisms in each sample, as shown in Figure 4 . Likewise, those systems with similar abundances (e.g. when analyzing the same community at different times) should exhibit the same a/b ratio, which could be reached with very different combinations of parameters, from steep sizestructures (many small, few large organisms: high absolute values of a, b) to flatter distributions (low absolute values of a, b) and to Sheldon's Linear System (biomass equally distributed among small and large organisms, with b=-1, a=N). Therefore, although a and b are related, they do not carry the same information about the ecosystem. From a statistical standpoint, the correlation between the parameters of the NBSS is due to the separation into classes with a barycentre that is not located at the origin of the size axis and is independent of the situ- Fig. 6. -Examples of the behaviour of the coefficients b (green line) and a (yellow line) of normalized biomass-size spectra (upper panels), the relationship between the same two coefficients (medium panels), and comparison between the two approaches used to measure the total community biomass (lower panels), summing the biomass of all the species (green line), and calculating the surface area under the normalized biomass size spectra (yellow line). Panels A and B represent regular biomass pyramids, and panel C an inverted biomass pyramid.
ation (narrower or wider ranges for theoretical b). At narrow b ranges, the relationship is linear, whereas at wider b ranges the relationship falls asymptotically to zero when b tends to zero, to account for the spread of a finite abundance along an infinite size axis (flat spectrum, very rare in nature since it represents an inverted biomass pyramid). Another way to build NBSS in classes and avoid the correlation between coefficients is by fixing the midpoint of size distributions at zero (Daan et al. 2005) and then using its slope and height to characterize the NBSS. A better statistical approach is the use of a function with independent parameters (like the Pareto distribution), but the common use of size classes, as is the case in traditionally constructed size spectra, may be easier to interpret from an ecological standpoint (e.g. Dickie 2001, Marquet et al. 2005) , particularly in pelagic ecosystems (e.g. Marañón et al. 2007 ) in which cumulative methods were proposed in the last century (e.g. Vidondo et al. 1997 ) but have not gained many users yet. Also, nonparametric approaches to size distributions (Quintana et al. 2008) were proposed to avoid the correlation of parameters and the effect of units on the comparison of ecosystems, but the resulting standardized measure is only useful for evaluating the size diversity and does not permit the deduction of global properties (biomass, metabolism, etc.) , as do the classic parametric functions (e.g. Blanco et al. 1998) .
The results of the dynamic modelling confirmed the results of the statistical model, showing that the size spectra of food webs changing over time tend to display a strong correlation between the two size spectrum parameters (Fig. 6 ). In addition, the results of the virtual food web modelling (Fig. 5 ) also displayed a strong correlation when the coefficients were compared between food webs with a different link structure (who eats whom), suggesting that changes in the link structure are unable to affect the relationship between the two spectrum parameters. Only a significant change in b is able to modify this relationship (i.e. if b is > or < than -1). A slope change towards more positive b values (b>-1) modifies the shape of the biomass pyramid because beyond this threshold the biomass pyramid becomes inverted; in other words, biomass would be larger at the top of the pyramid than at its base. The existence of inverted biomass pyramids seems paradoxical, although they are well known to exist in planktonic communities (Wang et al. 2009 ), because in a closed ecosystem each trophic level of the energy pyramid is roughly 10% of the level below it (Odum 1971, Pauly and Christensen 1995) , so inverted energy pyramids cannot endure (Wang et al. 2009 ). Therefore, an inverted biomass pyramid or flatter spectrum should be very unstable and unable to persist for long.
The dynamic modelling results (Figs 5 and 6) also suggest that communities with steeper negative b do not have a smaller amount of community biomass, but rather biomass is lower in larger size classes and higher in smaller size classes. On the other hand, flatter size distributions can reduce the total biomass of the community when the value of b crosses the -1.0 threshold, becoming less negative and eventually transforming the size distribution into an inverted biomass pyramid with a consequently lower level of stability (Makarieva et al. 2004) . Our simulations also show that when the producers in the system maintain constant carrying capacity, increases in a of the NBSS take place while b decreases, even when community biomass remains constant. Total community biomass is more associated with the area under the NBSS (i.e. the integral below the NBSS) than with the a coefficient (Fig. 6) . However, this relationship is lost when the NBSS does not adequately represent the size structure (i.e. low correlation coefficient) in some extreme cases, such as the extinction of all individuals in a size class or when the TL-M slope presents values close to zero. The lack of NBSS linearity precludes the use of the integral under the NBSS (Platt and Denman 1977, 1978) or the height of the size spectrum (Daan et al. 2005) to estimate ecosystem biomass.
The correlation between a and b in the statistical model was very high (Fig. 3a) , indicating a functional relationship between these coefficients, which was expected because all the samples came from virtual communities where a=-bN and the total number of individuals (N) was the same. However, on the basis of our results from the dynamic modelling of virtual food webs and on the analysis of empirical spectra reported in the literature, we observe that there is not a unique relationship between these two coefficients, and consequently it is not proper to assume that they are necessarily correlated. Therefore, we cannot expect communities with different N (total abundance) to exhibit the same relationship between the two coefficients. Indeed, reviewing the empirical data published on size spectra (Tables 2  and 3) shows that b and a are mostly correlated in size spectra from the same community over time, but not necessarily when data from different sites are compared or pooled.
In all cases exclusively involving fish assemblages under fishing pressure, strong negative correlations were found between the b and a coefficients (Tables  2 and 3) . It is important to note that when working only with fish assemblages, the analysis is restricted to a narrow range of sizes and all organisms possess common production efficiencies (Boudreau and Dickie 1992) . Dickie et al. (1987) classified the b of these assemblages of species with similar production efficiencies as "secondary slopes" and suggested that at the level of this secondary scaling ecological principles (e.g. fishing effects) control the size structure of the assemblage.
Several authors have proposed that fishing makes the slope of the NBSS steeper (i.e. more negative), because it selectively removes larger individuals and reduces survival Rice 1998, Bianchi et al. 2000) . Obviously, this is based on the assumption that the linearity of the NBSS is not lost. However, ecosystems which are far from steady state can display nonlinear NBSS (Quiñones 1994 , Rodriguez 1994 , and high levels of fishing may cause the size distribution of the biota to be drastically modified (Jennings and Kaiser 1998) . On the other hand, Benoit and Rochet (2004) , Shin and Cury (2004) and Gómez-Canchong et al. (2011) suggested that fishing effects may be better captured by the curvature of the size spectrum than by its b. Consequently, it is important to explore the use of non-linear size spectra (e.g. Pareto distribution) as a tool for analyzing community dynamics in heavily fished ecosystems.
In conclusion, to characterize any aquatic system at least two parameters are necessary from the NBSS triad (N, a, b) , or other parameters derived from them. This is important for designing ecosystem indicators based on biomass size spectra, especially considering that most disturbances affecting ecosystems (e.g. fishing, pollution) tend to reduce the total abundance of individuals in the system, changing the relationship between a and b or N and b, and consequently in such cases it is necessary to analyze the community size structure using both NBSS parameters (a and b) and a global property (N or B) .
